R otationplasty was initially described in 1930 by Borggreve, who treated a 12-year-old boy with considerable limb shortening as a result of severe tuberculosis infection involving the knee. 1 In 1950, Van Nes 2 modified this procedure for the treatment of congenital focal femoral deficiency and significant limb-length inequality. In 1975, Kristen et al 3 were the first to perform the Van Nes rotationplasty for the treatment of lower-extremity malignancy in a patient with a pathologic distal femoral fracture secondary to recurrence of osteosarcoma. Salzer et al 4 later reported the results of 15 patients undergoing rotationplasty and noted that patients possessed a high degree of functioning postoperatively, suggesting rotationplasty as an alternative to amputation, endoprosthesis, or arthrodesis in younger patients. Today, Van Nes rotationplasty is most commonly used for sarcomas around the knee (eg, distal femur and proximal tibia) in adolescent and young adult patients (Table 1) . 14, 15 It is also an option for patients with proximal femoral focal deficiency (congenital short femur). 16 It exists as an alternative to ablative procedures when functional outcome is a consideration or when resection of involved areas and endoprosthetic reconstruction is not possible. 14, 15, 17 Rotationplasty involves wide resection of the tumor and approximately 180° rotation of the tibia to allow the ankle to function similarly to the former knee joint. 18 The gastrocnemius and soleus muscles (ankle plantarflexion) become knee extensors. The muscles of the anterior compartment of the leg (ankle dorsiflexion) become knee flexors. Such a procedure allows for en-bloc resection of involved areas to achieve the widest possible margins, requiring that only the sciatic nerve be preserved.
14 Popliteal vessels may be retained if uninvolved with the tumor or resected and reconstructed with a graft.
The main advantage of rotationplasty is that patients retain an actively controlled knee capable of a high-level functioning required in daily life and sports despite the need to wear a prosthesis. 8 Essentially, this converts the energy expenditure of an above-knee amputation to that of a belowknee amputation. In addition, the presence of the foot gives patients the feeling of preserved integrity despite considerable limb shortening. 16 Patients undergoing rotationplasty as the definitive treatment for lower-extremity malignancies are able to participate in sport activities, such as cycling, downhill skiing, tennis, soccer, basketball, and swimming, with no risk of injury once they have gained sufficient muscular control over the affected leg. 8 Patients undergoing rotationplasty also avoid postoperative complications associated with above-knee amputations and endoprosthetic reconstructive procedures, including phantom pain, neuroma formation, postoperative stiffness, bone overgrowth, and infection. 17, 19, 20 Nevertheless, patient or parental apprehension about having the foot on "backward" projects a mental image that may preclude proceeding with rotationplasty.
The use of rotationplasty as the definitive treatment for lower-extremity malignancies involves preoperatively counseling patients on the expected physical and mental changes associated with such a procedure. In light of these changes, the majority of patients undergoing rotationplasty are convinced postoperatively that they have chosen the right operation based on their ability to achieve a high level of functioning in work and activities of daily living. 17 Numerous studies have reported excellent outcomes following rotationplasty with regard to return to activities of daily living, function, and sports. However, no study has reported an exceptionally high level of functioning and competitive sports participation after rotationplasty for a pathological distal femoral fracture secondary to telangiectatic osteosarcoma. Therefore, this case report describes functional status and return to competitive sport after rotationplasty for a lower-extremity bone sarcoma. Written informed consent was obtained from the patient to present the details of this case.
Case RepoRt
A 10-year-old, otherwise healthy, active boy who was diagnosed with a telangiectatic osteosarcoma after sustaining a pathologic fracture of the right distal femur (Figure 1 ), which was treated with splint immobilization and nonweight bearing, presented with significant contamination of the soft tissue adjacent to the popliteal neurovascular bundle, according to extensive radiographic analysis ( Figure  2 ). After undergoing standard neoadjuvant chemotherapy with cisplatin, doxorubicin, ifosfamide, and methotrexate, Van Nes rotationplasty was performed. Proximal femoral, proximal tibial, and fibular osteotomies were performed, with the tibia and fibula rotated externally 180° relative to the femur. An 8-hole low-contact dynamic compression locked plate fixed the osteotomies on the lateral aspect of the apposed ends of the lateral femur and medial tibia ( Figure 3) . Next, femoral and popliteal vessels were resected, and attempted re-anastomosis was hampered by popliteal deep vein thrombosis. This prompted further venous resection and interposition with contralateral reverse saphenous vein graft. The quadriceps musculature was sutured to the gastrocnemius-soleus complex. The hamstring musculature was sutured to the pretibial fascia and anterior leg musculature.
The resected surgical specimen measured 36 cm in length. The distal femoral metadiaphyseal tumor dimensions were 10 cm (superior-to-inferior length)38 cm (medial-to-lateral width)36 cm (anteriorto-posterior width). Histologic analysis revealed extensive hemorrhage, pleomorphic cells, hyperchromatic nuclei, and 3 mitoses per high-power field. Areas of osteoid formation were visualized. Final diagnosis was high-grade, telangiectatic osteosarcoma (World Health Organization classification5histologic type), stage pT2, pNX, pMX (tumor, node, metastasis pathologic staging5primary tumor size larger than 8 cm in greatest dimension, without assessment of regional lymph nodes or distant metastases), and Enneking stage IIB (high-grade, extra-compartmental). Tumor necrosis was estimated to be 5%. The proximal and distal bone, vascular, lymphatic, and skin margins were without evidence of tumor. The distance from the sarcoma to the closest bone margin was 8 cm (distal) and to the closest soft tissue margin was 4 cm (distal). 
2A 2B 2C
The postoperative course was complicated by a fall onto the operative extremity 5 months postoperatively. A Salter-Harris II distal tibia physeal injury was diagnosed and treated with nonweight bearing. Partial weight bearing with a custom prosthesis was not started until 7 months postoperatively. Once radiographic healing of the osteotomies was observed (Figure 3) , full weight bearing began. Eight months postoperatively, the patient sustained another fall onto the operative extremity and continued to bear weight after the injury. One month later, continued pain prompted radiographic workup, demonstrating a nondisplaced femoral neck stress fracture, which was treated with touchdown weight bearing. Eleven months postoperatively, the patient resumed full weight bearing.
One year postoperatively, the patient began shooting drills in basketball. At 14 months, he began to play competitively. As his participation in sports increased, his custom prosthesis required mild adjustments due to wear irritation. Following success with a full season of basketball, the patient successfully participated in a summer baseball league as starting pitcher (Figure 4) . To improve speed, a cheetahtype foot prosthetic modification was used. Two and a half years postoperatively, the patient participated in the Special Olympics training center ski event.
Three years postoperatively, the patient was cancer free and pain free at rest, at night, during activities of daily living, and during intense sports participation. The patient's high function is evidenced by a maximal or near-maximal possible score on all subsections of the Short Form 36 (SF-36) health survey ( Table 2 ).
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DisCussion
Although many studies document improved functioning after rotationplasty, the current case is a unique instance of optimal outcome after relative limb-salvage surgery for bone or soft tissue sarcoma. The use of Van Nes rotationplasty in treating musculoskeletal tumors has been questioned due to the high degree of deviation from what is considered normal human anatomy. 22 Questions related to the psychosocial implications of such a procedure have caused many physicians to favor a high above-knee amputation or hip disarticulation to achieve superior aesthetic results and a presumed higher level of acceptance compared with those of rotationplasty. 22 Despite this, previous studies have demonstrated that patients without previous psychiatric disorders accommodate well regardless of what procedure they undergo. 13 Veenstra et al 13 reported that vitality, mental health, social functioning, and emotional roles were higher after rotationplasty vs a control group of healthy young adults. Tebbi and Mallon 23 reported that 40% of patients initially reported body image and sexuality concerns after limb-shortening procedures; however, at final 10-year follow-up, patients reported living completely functional and fulfilling lives.
The introduction of neoadjuvant chemotherapy has significantly improved 
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survival outcomes and allowed for the increased use of limb-sparing surgery in the management of osteosarcoma. 24 Although limb-sparing surgery has no negative effect on 5-year survival, it can improve function without an increased risk of local recurrence. 25 Osteosarcoma is the most common primary solitary malignancy of bone, with approximately 1000 cases diagnosed annually and a peak incidence in the second decade of life. 26 Anatomically, more than half of these cases are found in proximity to the knee (distal femur or proximal tibia). Although 80% of patients present with clinically localized disease, prechemotherapy studies have indicated that 80% of patients have at least micrometastatic disease because, even with amputation, survival was poor. 24 Furthermore, the prevalence of pathologic fracture at presentation or during neoadjuvant chemotherapy is approximately 5% to 10%. 27 This also portends a worse prognosis, with a mean survival time of 18.6 months after fracture. 28 It is also a relative contraindication to limb-sparing surgery. 29 After imaging and pathologic staging studies, the appropriate treatment plan can be initiated. For osteosarcoma, this generally involves neoadjuvant chemotherapy, then surgery (amputation vs limb sparing), and then postoperative chemotherapy. An improved survival prognosis exists if tumor necrosis is greater than 90% on surgical resection after neoadjuvant chemotherapy. 30 Telangiectatic osteosarcoma is a rare variant of osteosarcoma, with a 2:1 male:female distribution and an age predilection for the second decade. It commonly presents with a pathologic fracture around the knee, as in the current case. The histologic findings are characteristic: hemorrhagic cavities similar to those of an aneurysmal bone cyst with walls of high-grade spindle cells and osteoid matrix. The natural history of the telangiectatic variant bears a similar prognosis to that of conventional high-grade osteosarcoma. Without wide margins and chemotherapy, the recurrence rate and number of metastases are high. After successful tumor resection with limb-sparing techniques or amputation, the patient should be observed for a minimum of 5 years for local recurrence or distant metastases.
Van Nes rotationplasty is one surgical option available for the treatment of distal femoral malignancy. A comparative analysis of functional outcomes after operative management of lower-extremity bone sarcomas reported that patients undergoing limb-sparing procedures such as rotationplasty had higher functional mobility assessment scores than did those who had undergone a transfemoral or transtibial amputation.
9,31 When compared with patients undergoing above-knee amputation, patients undergoing rotationplasty had statistically higher Musculoskeletal Tumor Society and functional mobility assessment scores with no differences in Toronto Extremity Salvage Scores and SF-36 scores. Although numerous studies have examined functional outcomes after limb-sparing procedures such as rotationplasty, many of these data are limited by the heterogeneous use of functional scoring systems and lower numbers of patients undergoing more technically demanding procedures. Renard et al 12 examined 17 patients diagnosed with distal femoral osteosarcomas after en bloc resection with subsequent distal/transfemoral endoprosthesis placement, arthrodesis, or rotationplasty. Those receiving either a total or distal endoprosthesis achieved 57% and 70% Musculoskeletal Tumor Society scores, respectively. Those undergoing arthrodesis using either an intramedullary rod or cemented arthrodesis pin achieved a 75% Musculoskeletal Tumor Society score at an average follow-up of 11 years. Only 2 patients in the study underwent rotationplasty after en bloc resection. These patients scored an average 74% Musculoskeletal Tumor Society score at 8.5 years postoperatively. 12 Although no conclusions can be drawn from one study alone, these numbers suggest the need for further studies involving larger numbers of patients to evaluate functional outcomes after procedures like the Van Nes rotationplasty.
For distal femoral osteosarcoma, the minimum amputation level is above the knee at the mid-thigh. The increase in energy expenditure is 60% to 70% after unilateral above-knee amputation and 10% to 20% after below-knee amputation. Rotationplasty uses amputation and limbsparing principles and essentially converts the old ankle to a new knee, converting an above-knee level to that of a below-knee level. Regardless of the operative procedure chosen, any technique that shortens the limb requires prosthesis use to ambulate. Off-the-shelf prostheses are prone to wear irritation issues, and custom-based alternatives are, albeit more expensive, better fitting with fewer problems related to their wear. The current patient used a custom-made prosthesis that likely played a role in his high level of function. Although the anticipated functional improvements with rotationplasty have been documented in the literature, patient or parental apprehension about the new limb's 
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appearance often prevents the surgery from being performed. The current patient required psychological counseling, and 1 year postoperatively, including an initial postoperative period that included 2 complications, the patient's emotional trauma was resolved.
ConClusion
The patient is now a 13-year-old boy 3 years status post-Van Nes rotationplasty for the treatment of a pathologic distal femur fracture secondary to telangiectatic osteosarcoma. Despite a postoperative course complicated by a distal tibial physeal injury and femoral neck stress fracture, the patient recovered fully by 1 year postoperatively. At most recent follow-up, the patient was cancer free. Pain free at rest and with activity and with no loss of function, the patient is a successful athlete, playing basketball and baseball and skiing competitively. This level of function is exemplary and may be more expected in younger, more active, highly motivated, and emotionally and socially mature individuals.
